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1 Introduction

At RAN1 #63bis meeting, four deployment scenarios were agreed for Rel. 11 coordinated multi-point (CoMP) transmission/reception
· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power remote radio heads (RRHs) 
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage
· Scenario 4: Network with low power RRHs within the macrocell coverage where 
the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
Scenario 3 is a very attractive scenario, which has not only the topology and characteristics of Rel.10 Heterogeneous network, but also the capability and high flexibility of CoMP due to the existence of high power interfaces among RRHs and macro cells. 
This contribution gives our further considerations on the possible issues for scenario 3.
2 Discussion on scenario 3
2.1 UE-specific interference cancellation scheme 
In Rel. 10, Range Expansion (RE bias value is introduced resulting in UE’s association to pico cell ) is used to explore the cell split gain in Macro-Pico heterogeneous network scenarios. The macro cell can cause strong interference to pico cell edge UEs. The interference to edge users becomes rather serious by increasing RE bias value. Time domain eICIC scheme (ABS / MBSFN subframe configured) is introduced to protect pUEs.
In Rel. 11, CoMP becomes feasible due to low latency/high capability backhaul among Macro TPs and RRH TPs, which is a promising technology to suppress inter-cell interference and boost both cell average and cell edge throughput.
At RAN1#65 meeting, it is agreed that companies are encouraged to submit absolute performance metrics for following scenarios:

· Macro + LPN + association value 0 dB(baseline)/ xdB

· Macro + LPN + CoMP

The first bullet is Rel.10 eICIC scheme and second bullet is CoMP scheme studied in Rel.11. In order to enhance RRH cell edge UEs’ performance, whether to use Rel.10 eICIC scheme or Rel.11 CoMP scheme should be carefully studied. The target of this simulation is to evaluation whether Rel.11 CoMP can achieve obvious gain compared with Rel.10 eICIC scheme, which in turn impacting CoMP’s future.
As we mentioned above, the topology of scenario 3 determines it has the potential to benefit from both eICIC and CoMP. On one hand, we compare the two schemes, on the other hand, we need to think about the how to utilize both schemes (combining them, or switching between them) to realize cross layer (Macro layer and RRH layer) and multiple dimension (time, spatial) interference cancellation resulting in overall system optimization.
A possible network deployment of Hetnet is shown in Fig.1. For simplicity, only one Macro cell is considered. 4 RRHs are deployed in a Macro cell’s coverage area. All pUEs (UEs associated to RRH) are Rel.11 UEs, which can support both eICIC and CoMP operation. The legacy UEs will not be discussed in this contribution.
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Fig.1 A possible deployment of scenario3

When there are high traffic load in the some network area (around RRH1 and RRH2), the heavy traffic can be offloaded from Macro cell to RRH cell by setting high RE bias value. In this scenario, the pUEs in range expansion area have un-balanced power from RRH cell and Macro cell respectively, so Macro-RRH CoMP may not become suitable. Instead, eICIC will be better choice. For pUE1, the eICIC needs to be used. For pUE2, the combination of Macro-RRH eICIC and RRH-RRH CoMP needs to be used. Considering high interference from Macro cell, the RRH-RRH CoMP can only be performed in ABS subframes of macro layer. In order to get accurate measurement results, restricted RLM/RRM/CSI measurements would be configured for these pUEs, since these pUE will only be scheduled in subframes where ABS sent by Macro cell. These measurements should be based on CSI-RS or CRS according to UE’s specific transmission mode.

When there are normal or low traffic load in the some network area (around RRH3 and RRH4), It is not necessary to intentionally make traffic offloading from Macro layer to RRH layer. No bias value is set. There is no strong interference from macro cell. The control channel of Macro layer and RRH layer can work well and Rel.10 eICIC need not be used. In this scenario, both Macro-RRH CoMP and RRH-RRH CoMP can be used for cell edge UEs (pUE3 and pUE4). Of course, these pUEs also can be scheduled under ABS. Restricted RLM/RRM/CSI measurement will also be configured for these pUEs. Both the ABS subset measurement results and non-ABS subset measurement results are needed for these pUEs due to possible schedule options.
The UE specific interference cancellation schemes based on Fig.1 are summarized in the table below.

	
	UE location
	Bias value configured
	Potential Scheme

	pUE1
	Macro-RRH edge
	high
	Macro-RRH eICIC

	pUE2
	RRH-RRH edge
	high
	Macro-RRH eICIC and RRH-RRH CoMP

	pUE3
	RRH-RRH edge
	Low/no
	Macro-RRH -RRH CoMP or 

Macro-RRH eICIC+ RRH-RRH CoMP 

	pUE4
	Macro-RRH edge
	Low/no
	Macro- RRH CoMP or 

Macro-RRH eICIC


An example of subframe allocation for these UEs is shown in Fig.2. pUEs configured with high RE bias value (pUE1 and pUE2) only can be scheduled in ABS subframe. More such UEs existing, denser ABS pattern should be configured for the Macro TP. The pUE configured with low/no RE bias value (pUE3 and pUE4) can be scheduled in ABS subframe, or in CoMP mode in non-ABS subframe. Which scheme is better may be decided according to their gain respectively and/or UE’s priority. 
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Fig.2 Example of UE specific subframe allocation 
For an eNB deployed with several sectors (macro TPs), the central scheduler will configure each macro TP according to their own RRH deployment, traffic density, UE distribution, etc. The detailed information related to determined configuration should be semi-statically indicated to UE by higher layer, including eICIC indication (used or not), RE bias value (if eICIC used), ABS pattern (if eICIC used) for restricted measurement. Considering the ABS pattern’s period is 40ms, the corresponding period of interference cancellation configuration can be integral multiple of 40ms. 
Proposal: A UE specific interference cancellation scheme is proposed in order to benefit from both eICIC and CoMP.  

2.2 UE-specific CoMP Measurement set determination scheme 
CoMP measurement set is defined as set of points about which channel state information related to their link to the UE is measured and/or reported. Practically, the CoMP measurement set is UE specific. It should be determined as a subset of CoMP coordination area dynamically according to RLM/RRM measurement (RSRP/RSRQ information) results reported by UE. 
The eNB will make the CoMP measurement set determination. There are two simple methods for eNB to define the CoMP measurement set.

· Threshold based.
Specific thresholds are pre-defined. The cells which channel quality below some threshold compared to the serving cell will be added to the CoMP measurement set. Or, the cells with channel quality (RSRP/RSRQ) above some absolute threshold will be added to the CoMP measurement set. 
· Fixed measurement set size based.
The measurement set size (N) will be pre-defined. Only the first N cells ranking by channel quality (RSRP/RSRQ) in descending order will be included into the measurement set.

The pros and cons of each method are summarized below:

	Scheme
	Pros
	Cons

	Threshold based
	The most valuable cells will be selected as potential CoMP cells.
	The measurement set size may be large resulting in big feedback overhead.

	Fixed measurement set size based
	The measurement set size can be limited according to feedback budget.
	Some high interference cells may be left out. Or, some invaluable cells may be included.


The CoMP measurement set decision scheme is an implementation issue. But it directly impacts not only the feedback overhead, but also the related IE size (CSI-RS configuration, Feedback configuration , CSI measurement configuration according to measurement set size) of high layer signalling. 
Proposal: The CoMP measurement set decision method should be designed jointly considering not only feedback overhead budget but also high layer signaling burden.
2.3 UE-specific CSI-RS resource configuration 
In Rel.10, only serving cell’s CSI-RS configuration and feedback parameters are configured for UEs. In Rel.11, Information Element should be extended to multi-cells in CoMP measurement set. 
The multiple CSI-RS patterns will be configured for multiple TPs. In Rel. 10 the total number of supported antenna ports is 40, which can be used to give a reuse factor of 5 between cells with 8 antenna ports per TP, a reuse factor of 10 in case of 4 antenna ports per TP, or a reuse factor of 20 in case of 2 antenna ports per TP.  
The available CSI-RS resources in the network (FS1&2) can be demonstrated as a resource tree below:
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Fig.2 CSI-RS resource tree
Each high level resource is composed of several low level resources. When low level CSI-RS resource is occupied, the corresponding high level resource will be blocked. CSI-RS resources will be allocated to TPs corresponding to their specific Antenna port configuration. In order to avoid introducing fractional CSI-RS resources, only there are no available resources below specific high level, the new sub-resource below to another high level resource can be selected. 
For example, in Fig. 3, the neighbouring TPs will be assigned orthogonal CSI-RS resources. For a large network, the CSI-RS resources can be reused by TPs separated far away enough. The CSI-RS resource configured to each TP should be done at network plan phase and should be fixed after that, which can simplify the signalling overhead. The UE-specific CSI-RS configuration based on CoMP measurement set should be indicated to UE by RRC signalling. In Fig. 5, the CSI-RS configuration of {TP4, TP5, TP3} will be indicated to UE1. The CSI-RS configuration of {TP6, TP10, TP11} will be indicated to UE2. 
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Fig.3 Example of UE specific CSI-RS configuration 
Proposal: In scenario 3, CSI-RS configuration used for each TP is fixed configured in network plan phase in order to reduce signaling overhead. The selected CSI-RS patterns for CoMP measurement are UE-specific and based on pre-determined CoMP measurement set.
2.4 UE-specific Limited CSI feedback
In previous meetings, it is desirable that the feedback information for DL CoMP lies in the same framework for single-cell operation, which means re-using single cell feedback for CoMP. The UE could feedback a separate codeword index to represent the channel for each cell. Additionally UE may feedback the inter-cell information, such as inter-cell phase information. 
However, the UE does not know it will be scheduled under which CoMP category (CS/CB or JP) and which transmission mode: SU-MIMO, MU-MIMO, CoMP-SU-MIMO, or CoMP-MU-CoMP. In order to provide enough information to eNB for overall scheduling, it needs to feedback  CSIs assuming different modes and different forms of actual CoMP transmission points. This will lead large amount of feedback overhead, especially when measurement set size is big. For example, CoMP measurement size=3, the UE will feedback single cell CSI, CSI assuming 2-cell CoMP (3 combinations) and CSI assuming 3-cell CoMP. The feedback overhead is much larger compared with that in Rel.10. 
Proposal: Effective limited feedback schemes need to be studied in order to reduce feedback overhead for CoMP. The limitation on both the feedback set size and feedback contents should be considered. The determined scheme needs to be indicated to specific UE by high layer signalling.
3 Conclusion
In this contribution, we provide our further considerations on the possible issues for scenario 3.
Proposal: A UE specific interference cancellation scheme is proposed in order to benefit from both eICIC and CoMP.  

Proposal: The CoMP measurement set decision method should be designed jointly considering not only feedback overhead budget but also high layer signaling burden.

Proposal: In scenario 3, CSI-RS pattern used for each TP is fixed configured in network plan phase in order to reduce signaling overhead. The selected CSI-RS patterns for CoMP measurement are UE-specific and based on pre-determined CoMP measurement set.
Proposal: Effective limited feedback schemes need to be studied in order to reduce feedback overhead for CoMP. The limitation on both the feedback set size and feedback contents should be considered. The determined scheme needs to be indicated to specific UE by high layer signalling.
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